The number of mobile phone subscribers has increased rapidly worldwide over the past decade. It has been estimated that there were 6.8 billion mobile phone subscriptions by the end of 2013. 1 In China, during this time, there were more than 1.1 billion mobile phone subscriptions. 2 In 2009, text messaging was used by 4 billion mobile users globally, who sent 5 trillion messages, and the number of text messages sent has been estimated to have doubled to 10 trillion by 2013. 3 Data collection shows that the number of text messages sent by Chinese people was an estimated 431 billion during 2013. 4 With the growing number of mobile phone subscribers, the use of text messages in medical research has received a growing interest and could be an innovative way to collect data. 5 Previous studies, which have evaluated the use of text messaging for data collection, have indicated that it is accessible for many people regardless of time, place, or setting. Moreover, text messaging allows data collection in real-time and removes interviewer bias. 6, 7 In certain cases, text messaging data collection enables collection of longitudinal data [8] [9] [10] and can give access to a migrating population and to people that are difficult to reach. 11, 12 Using text messaging for data collection can be an innovative method which is cheap and easy to conduct. 5 However, using text messaging data collection in health research is restricted by a low response rate. In past studies, the response rate of text messaging data collection has varied considerably, from 15% to 100%. 5, 7, 9, [13] [14] [15] [16] [17] [18] Kew et al 5 conducted a study with 38 highly motivated IT-proficient students and obtained a response rate of 100%, which would be difficult to achieve in 'real-life' settings. Bexelius et al 14 randomly selected 2400 mobile phone numbers from the Swedish population registry and achieved a response rate of 15%. Haberer et al 19 conducted a 2-week text messaging data collection study of anti-retroviral therapy adherence and had weekly completion rates of between 0 and 33%. We achieved a response rate of 38% in a previous study. 20 Therefore, exploring interventions and assessing their effectiveness on increasing the response rate is a key step for text messaging data collection.
Many factors can affect the response rate. The initial contact with participants, 15 an advance introduction letter, 21 and calling at an anticipated time, 21 can increase the response rate to a survey. A written or telephone reminder can increase the response rate to mail surveys. 22 In addition, a review reported that the responses to postal and electronic questionnaires were at least doubled by using monetary incentives. 23 Factors negatively influencing the response rate for a text messaging survey were a foreign phone number 15 and sending messages at an inappropriate time. 24 However, few of these interventions aiming to increase survey response rate were tested in text messaging data collection.
OBJECTIVE
This study aimed to test the effectiveness of multiple interventions on increasing the response rate of text messaging data collection in rural China.
METHODS
We used a delayed randomized controlled study design to assess the effectiveness of three interventions on increasing the response rate of text messaging data collection of anemia medication adherence. The study reported in this paper was a sub-study of an anemia intervention program and was conducted at the same period of the program.
Study setting
This study was conducted as part of a community trial of interventions on nutritional anemia for children aged 6-11 months in two townships in Zhao County, Hebei Province, China. Zhao County has 16 townships and 281 villages, with a total population of 580 000 and a total area of 675 km 2 ). 27 Both of these townships are near to the downtown area of the county and people work and live mainly through farming activities. These two townships were selected for the anemia program because they had high and comparable anemia prevalence, a comparable number of constituents, and high level of cooperation from local people. More information on the study setting can be found elsewhere. 28, 29 Overview of the anemia program Our cross-sectional survey from 2011 showed that the anemia prevalence was 66.2% for children aged 6-11 months and 48.2% for children aged 12-23 months in rural Zhao County (unpublished data), which was much higher than the national average (28.2% and 20.5%, respectively). 30 Therefore, we implemented a research program aiming to test the effectiveness of interventions on reducing children's anemia. Children aged 6-11 months were selected because this age group had the highest anemia prevalence and was at the key stage of transition from exclusive breastfeeding to complementary feeding.
The anemia program was a community intervention trial conducted in May 2012. The trial tested the effectiveness of giving medication to children and providing dietary counseling to caregivers on reducing child anemia (unpublished), which was registered through the Chinese Clinical Trial Registry (http://www.chictr.org/cn), registration number: ChiCTR-ONRC-12002179. Shahedian was the intervention township and Wangxizhang was the control township. For both townships, we sent a letter to every caregiver to explain the trial. In addition, village doctors gave recommendations to caregivers to take anemia medications as soon as they were recruited. We provided exclusively to participants from township 1 a complementary food recipe booklet, 28 a food blender, face-to-face group counseling on anemia and infant feeding, and text messages about feeding knowledge. The text messaging data collection took place after the trial started. The primary outcome was anemia prevalence, with the measurement of hemoglobin at baseline, 3 months after initiating the intervention, and at the end (6 months after initiating the intervention).
Study design of randomized controlled trial
Text messaging data collection took place over 15 weeks and was divided into two stages: (1) a pilot study from week 1-6; and (2) a delayed intervention randomized controlled study from weeks 7-15. We tested and chose a Chinese text messaging platform during the pilot study. In weeks 7-15, we conducted a delayed intervention randomized controlled study. 31 We introduced three interventions to increase the response rate. We did a baseline assessment in the 7th week. During weeks 8-11, we only exposed participants in group 1 to the interventions, and during weeks 12-15, we exposed participants in both groups to the interventions.
Interventions
The response rate of text messaging data collection could be affected by a number of factors, such as demographic characteristics of participants, 5, [32] [33] [34] length of data collection, 32 outcomes measured by studies, 32, 34 giving introduction letters to participants in advance, 23 text message format, 5 sending and receiving time, 5 reminders, 5 and incentives. 35 Some of these factors, including participants' demographic characteristics, length of data collection, study outcomes, and introduction letters to participants, were restricted by the anemia program, and therefore could not be changed in this study. In our previous study of text messaging data collection, we finalized the appropriate text messaging format and time for sending and receiving text messages. 20 We chose additional reminders as our first intervention. Given that participants could be irritated by too many reminders, we decided to send only four additional reminders in the next day. The second intervention involved giving ¥5.0 (US$0.79) mobile phone credit as a reward every 2 weeks for participants who completed data collection.
We usually provided token gifts at the value of ¥5.0 to participants as an incentive. This was affordable and included in the study budget, and it seemed enough to be attractive to caregivers to reply our text messages. Moreover, our pilot study indicated that providing caregivers with feedback of hemoglobin test results and anemia medication intake might contribute to increase the response rate. Therefore, providing feedback to caregivers was also used as an intervention.
Participants
In the anemia program, we included caregivers whose children were aged 6-12 months in the two townships. The inclusion criteria for the randomized controlled study were as follows: (1) being a participant in the anemia program; (2) having provided a mobile phone number in the baseline survey of the anemia program; and (3) having agreed to receive and reply to text messages. We excluded caregivers if their mobile phone number was wrong, or if they refused to participate in this study.
Sample size
Before the study, we did not have any knowledge of the potential effect size of our interventions on the response rate. Therefore, we did not calculate the sample size beforehand but recruited all participants of the community trial who met our inclusion criteria. Our study indicated that the response rate increased from 36% to 60% (the average response rate from the 8th week to 11th week). With 142 participants in each group and level of confidence of 95%, the power was calculated as 0.97.
Recruitment
The baseline survey for the anemia program was conducted on May 19 and 20, 2012; we collected demographic information and caregivers' mobile phone numbers, and asked caregivers to participate in our text message study. After caregivers signed the informed consent form, we gave them a printed letter sealed by the Zhao County Maternal and Child Health Hospital. In the anemia program, we included 243 children in township 1 and 195 in township 2. We excluded 83 children in township 1 (69 without anemia, 4 with wrong phone numbers, 2 without phone numbers, 1 unable to send text messages, 7 with twins) and 72 in township 2 (59 without anemia, 2 with wrong phone numbers, 7 without phone numbers, 2 unable to send text messages, 1 with twins, 1 refused). Therefore, 160 children in township 1 and 123 in township 2 were eligible for the randomized controlled study on text messaging monitoring.
Randomization and allocation
The strata were based on the township. We randomly allocated all participants into two groups considering that the anemia interventions were different in the two townships. A person outside the research team generated the random sequence with Microsoft Excel 2010. The allocation result was directly sent to the researcher in charge of sending text messages. In addition to the 160 eligible children in township 1 and 123 in township 2, we included 4 more caregivers in township 1, and 5 more caregivers in township 2 during the first 6 weeks, because we updated their mobile phone numbers during the anemia program's follow-up. At the same time, we excluded 4 caregivers (3 unable to send text messages, 1 with wrong number) in township 1 and 5 caregivers (2 unable to send text messages, 1 with wrong number, 2 refused) in township 2.
We randomized 142 caregivers (83 from township 1 and 59 from township 2) to group 1, and 141 (77 from township 1 and 64 from township 2) to group 2. Figure 1 shows the flow diagram of the recruitment and pilot stage of the study, and figure 2 shows the flow diagram of the randomized controlled study.
Text message questions
We developed and tested four questions to assess caregivers' adherence to dispensing the anemia medication to their child. As shown in box 1, the first two text messages were about children's anemia medication. These messages were sent to both townships, whereas the subsequent two text messages (about children's meat intake) were only sent to caregivers in Shahedian township. Dietary counseling as an intervention was not provided in Wangxizhang township. Therefore, it might potentially bias the anemia program if we had sent meat intake messages to caregivers in Wangxizhang township because the messages contained information on the benefit of meat intake.
Pilot study: weeks 1-6
We conducted a pilot study from July 21 until August 27, 2012 to test the text messaging software and the four text message questions. The population to whom we sent text messages was the same as the population in the formal study. We sent text messages on a fixed day each week. A team member sent messages from 10:00 to 23:00 using a computer and checked messages frequently. The first text message was sent at 10:00. When we received a response, we sent the next text message. When we did not receive a response, we sent that text message again as a reminder at 13:00, then 16:00 and 19:00 on the same day.
The delayed intervention randomized controlled study: weeks 7-15 During weeks 7-15, we conducted the delayed intervention randomized controlled trial using the 7th week as baseline. The content of text messages, message sending method, and the sending time (10:00, 13:00, 16:00, and 19:00) were the same as in the pilot.
We introduced three interventions to participants in group 1: (1) sending text messages on a second day with four extra text message reminders; (2) giving a ¥5.0 (US$0.79) reward; and (3) providing feedback to caregivers via text messages. First, we sent a text message to inform caregivers that if they replied to all four or two text messages in the following 2 weeks, they would receive a reward of ¥5.0 (US$0.79) mobile phone credit. Second, we prolonged the message data collection time by one day and sent four extra reminders on the second day. Third, we sent feedback text messages to caregivers, giving our advice based on adherence data collected by the text messages and hemoglobin test. We told caregivers whose children had good medication adherence to continue giving medicine to their child. We emphasized the importance of medication to caregivers whose children had sub-optimal drug adherence and encouraged them to give medication to their children. We implemented mobile credit reward and the sending of four reminders on a second day to group 1 during weeks 8-11 and to both groups during weeks 12-15. We only implemented text message feedback to group 1 on the 8th week and to group 2 on the 12th week, because we only had one opportunity to test the hemoglobin levels. Table 1 lists when we introduced the interventions in this study.
Telephone interview
We conducted telephone interviews to learn about caregivers' reasons for non-response. After text messaging data collection finished at the end of the 8th week (September 10, 2012), we conducted the telephone interviews with caregivers who did not respond in group 1. A female interviewer conducted the interviews in Mandarin. After a short introduction of the program, she obtained oral informed consent.
The interviewer asked open-ended questions to explore the reasons by prompting caregivers to explain reasons in detail and recorded the interview on paper.
Outcomes
The primary outcome was the weekly response rate, which was defined as the proportion of participants who answered the question clearly.
The secondary outcomes were the cumulated percentage of text messages received after every reminder, reasons of caregivers' non-response, and factors affecting the response rate.
The contribution of four reminder text messages on a second day was the proportion of text messages received on the second day in group 1 during weeks 8-15 and in group 2 during weeks 12-15. We calculated the cumulated percentage of text messages collected after sending four message reminders on the second day. Reasons for non-response were reasons given by participants during the telephone interviews in group 1 who did not reply to the text messages after the 8th week (the first time we implemented the three interventions).
There were no known demographic factors that affected the response rate. Therefore, we considered a number of factors which might have had the potential to influence the response rate: whether the interviewee was the primary caregiver, number of children in the household, annual income, mother's education, whether the mother started going out for work, whether the mother was anemic during pregnancy, and the baseline hemoglobin level that we tested in May 2012.
Data cleaning and analysis
We exported the text message data into Excel files. Two team members cleaned the text message information and then coded the text message answers independently. All messages received from participants were 'yes/no/don't know' or number of times. We coded 'yes' as '1', 'no' as '2', 'don't know' as '8', and number of times as the exact number. The two team members compared the coded text messages and resolved the discrepancies by checking the original text messages.
We expressed continuous variables as median and quartiles (Q25-Q75). We present discrete variables as proportions. We used the v 2 test, Fisher's exact test, and Mann-Whitney U/Wilcoxon W to compare the two groups. We explored the factors influencing the response rate for the first text messages in each of the 8 weeks during the trial with generalized linear models, given the situation that the response or non-response in each week were correlated within each participant. We used the factors differing for the responders versus non-responders at baseline (week 7) as covariates in the model. We used the Glimmix procedure specifying the link function of logistic for analysis in SAS V.9.2. We presented all probability values for two-tailed tests and considered p<0.05 as statistically significant.
RESULTS
There were 142 caregivers in group 1 and 141 in group 2. There were no significant differences in the township, children's gender, and children's age between the two groups. Table 2 shows a comparison of the characteristics of children and their caregivers and the response rate of the text messaging survey at baseline in the two groups.
Response rate during the pilot Figure 3 demonstrates that there was a decrease in response rate over time during the pilot. From week 1 to week 6, the first text messages' response rates in township 1 were 54.4%, 50.3%, 46.6%, 41.1%, 1.8%, and 51.2%, respectively. Meanwhile the response rates of township 2 were 42.3%, 24.4%, 31.5%, 34.6%, 0%, and 29.1%, respectively. The response rate in the 5th week dropped to nearly zero due to the problem with the text messaging platform. In the 6th week, the response rate increased to a similar level as the response rate in the first week when we changed to the new text message platform. In the 2nd week, the response rate dropped significantly in township 2, because we sent the text messages only twice for those in township 2, while we sent text messages four times to those in township 1.
Response rate during the randomized controlled trial Figure 4 shows the response rate for each week during the randomized controlled trial. At baseline (the 7th week), the response rates for the first question were 49.3% in group 1 and 48.9% in group 2. The response rates for the second question were 57.8% in group 1 and 51.9% in group 2; there was no significant difference between the two groups (v 2 ¼ 0.09, p ¼ 0.77 for response rate of text message 1, and v 2 ¼ 0.65, p ¼ 0.42 for response rate of text message 2). After introduction of the interventions in group 1, the response rates increased dramatically in the 8th and 9th weeks. Subsequently, the response rate decreased in the 10th and 11th weeks, but was still higher than in the 7th week. The response rate in group 2 continued to decrease during weeks 8-11. The response rate in group 1 was higher than in group 2 during weeks 8-11 (when the interventions were being undertaken) and the differences were significant (for the 8th week to the first message, p ¼ 0.01; and for other text messages, p<0.001). In the 12th week, we applied the same interventions to both groups, and the response rate to the first question for group 2 increased and was maintained steadily until the 15th week for both groups. For the second question, the response rate for groups also increased rapidly and continued to rise until the 15th week for both groups. The differences between the two groups from the 12th to the 15th week were not statistically significant. Figure 5 shows that on the first day of sending text messages, we obtained 2171 (88.3%) responses of the total 2457 messages received in 2 days. On the second day when we sent four text message reminders, we received only 286 (11.7%) responses of the total 2457 messages received.
Contribution of text messages sent during the second day

Reasons for non-response
We planned to interview 61 caregivers via telephone, but 12 (20%) of them failed to be contacted (one refused, two were answered by other caregivers, three did not answer the phone, three kept their mobile phones switched off, and three stopped mobile phone services completely). Therefore, we interviewed 49 caregivers and obtained 128 reasons for non-response (one caregiver could provide multiple answers). The main reason reported by caregivers for not responding was that they did not send text messages often (n ¼ 45, 92%), they did not receive the text message (n ¼ 27, 55%), and they did not want to reply (n ¼ 19, 39%) (figure 6). Caregivers expressed their unwillingness to reply by complaining that messages were too much effort or not useful, that children were not taking their anemia medication any more, that they worried about the strange phone number or the fees associated with messages, and that they refused to receive those messages. The reasons for caregivers not responding to messages were that their mobile phones were powered off, out of credit, or broken, or that they just did not receive those messages.
Factors affecting the response rate Apart from variables like township, week, and group, other individual-level factors might also affect caregivers' response to text messages. Therefore, we established a regression model for the baseline (7th week) to select potential factors. There were 20 variables in the model as listed in table 3; we found that caregivers who were younger (p ¼ 0.02) and whose children had a lower hemoglobin test value (p ¼ 0.02) were more likely to reply to text messages. We incorporated these two variables into the model for the longitudinal study, and found that the response rate in group 1 was significantly higher (OR ¼ 2.41, 95% CI 1.37 to 4.27, p ¼ 0.002), while the response rate in the 4th week of intervention was significantly lower (OR ¼ 0.53, 95% CI 0.33 to 0.83, p ¼ 0.006). Table 4 lists the factors influencing the response rate in the study.
DISCUSSION
Principal results
Our study showed that the three interventions (prolonging the time of text messaging survey, giving mobile phone credit as a reward, and providing feedback) were effective in increasing the response rate of text messaging data collection in rural China. However, sending text messages during a second day only contributed marginally to the response rate. The main reasons for not responding were that caregivers were not used to sending messages often, followed by the fact that they did not receive text messages, and they did not want to reply. Younger caregivers and caregivers whose children had a lower hemoglobin value were more likely to reply.
Comparison with prior work
The response rate is a key issue for text messaging data collection. Studies indicated that response rates varied from 15% to 100%. 5, 7, [13] [14] [15] [16] [17] [18] In our previous study, the response rate was 38.4% for the first message among caregivers in the same study area. 20 In this study, we succeeded in achieving a higher response rate: in group 1 from the 8th week to the 15th week the response rate was more than 50%, and in the 9th week, the highest response rate of 69.1% was attained.
We tested interventions that were potentially useful to increase the response rate, such as sending another four text messages on the second, consecutive day. In a double blind randomized controlled trial, Kew et al 5 obtained an encouraging response rate of 100% with three text message reminders to participants and phone call reminders. Reminders can prompt caregivers to reply and raise participants' awareness of the survey. 5, 15 However, our study showed that while sending text messages on the second day did increase the response rate, it only contributed 11.7% of the total amount of information we collected. Taking into consideration that this potentially could have annoyed participants and only made a small contribution, it was postulated that sending messages on a second, consecutive day may not be useful.
Providing feedback
We sent text messages to tell caregivers who had good drug adherence to continue giving children anemia medication. For caregivers whose children did not have good medication adherence, we sent messages to emphasize the importance of medication and encouraged them to give medication to their children. This intervention aimed to make caregivers feel that they benefited from receiving and replying to our text messages and hence motivated caregivers to respond. This intervention might be a reason for the increased response rate, but it might not be the reason for maintaining a high response rate, as the text message feedback was provided to group 1 only in the 8th week and to group 2 only in the 12th week.
Giving mobile phone credit as a reward Previous studies showed that money incentives have been shown to be effective in increasing survey response rate. 36, 37 We provided ¥5.0 (US$0.79) mobile phone credit as a reward to those who replied to our text messages for the following 2 weeks. This may explain the sustained increase in the response rate over a period of time. Since the effectiveness of the previous two interventions was questionable, this intervention seemed to be the most promising way to increase the response rate.
Other factors that may increase the response rate During the anemia trial, there were more interventions than we could test. Those interventions may also have played a part in increasing the response rate, including the complementary food recipe booklet, the food blender, face-to-face group counseling on anemia and feeding, and text messages about nutritional knowledge. They may have gained trust and thereby increased the response rate. In addition, younger mothers may have been more likely to keep the mobile phone on all the time or may have been more used to text messaging. For caregivers whose children have a lower hemoglobin value, caregivers may pay more attention to children's anemia and thereby may have been more likely to respond.
Strengths and limitations
To our knowledge, this is the first study to test interventions influencing the response rate of longitudinal text message data collection. We used a delayed intervention method and demonstrated the effectiveness of interventions. However, our study had some limitations. First, we were restricted to the anemia program, in which we already provided a complementary food recipe booklet, a food blender, face-to-face group counseling on anemia and feeding, and text messages about feeding knowledge for township 1, which kept the response rate in the 7th week at a high level. We had no way to ascertain how the anemia program interventions contribute to the highest response rate. Second, because the three interventions were introduced together, we were unable to determine the effect of each intervention separately. Third, the type of mobile phone contracts or service models used by the study population might have influenced their participation and response rates. However, we did not collect such information and therefore could not analyze this aspect.
CONCLUSION
Text messaging could be an innovative way of data collection and has significant potential for improving data collection in health research. However, the response rate is the bottleneck for text messaging data collection in different settings, including rural China. We confirmed a way to increase the response rate of text messaging data collection, which can be used in subsequent studies. Larger multi-site studies are needed to find the most effective way of using these interventions and to explore standard guidance or principles in undertaking text messaging surveys.
